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An electron cyclotron resorumce (ECR) plasma can be
generated at low gas pressure and the plasma density is high
compared with other plasmas. Due to these advantages, an
ECR plasma has been widely used in the field of plasma
application for semiconductor manufacturing such as
etching, chemical vapor deposition (CVD) and so on. In
etching process, lower ion temperature is required for
obtaining high quality semiconductor device with high
selectivity. Usually, the ion temperature is considered to be
below leV. However, the ion temperature tends to increase
when low frequency fluctuations exist in plasmas. It is well
known that there are low frequency fluctuations such as the
flute instability and drift instability in magnetized plasmas.
Thus, it is one of the important subjects in plasma
processing to suppress such instabilities.
Multicusped fields can suppress the flute instability
because of the good curvature . It was reported that the ion
temperature decreased when multicusped fields were
applied. However, the ion temperature was not measured
with accuracy. Thus, it is necessary to investigate the
correlation between the ion temperature and fluctuations in
an ECR plasma. Although there are many studies on the
measurement of the ion energy in plasmas, there are few
reports on the ion temperature, Tj • Since high resolution
measurement methods are needed to measure the ion
temperature, an energy analyzer is inappropriate for ion
temperature measurements because of its low resolution. In
previous work, we measured the ion temperature in a helium
ECR plasma using the ion-sensitive probe and the ion
temperature Ti was about 2 eV at 2mTorr, independent of
the microwave power. However, it seems that the ion
temperature was a little high. This is understood in the
following: The principle of the ion-sensitive probe is based
on Bohm sheath themy. On the other hand, when
fluctuations are excited in plasmas, the plasma sheath
fluctuates and as a result the ion temperature becomes high.
Thus, an optical emission spectroscopy with high-resolution
is a powerful method for ion temperature measurements
since the optical emission spectroscopy is not affected by
fluctuations.
In this study, the ion temperature in a large diameter ECR
plasma [1] was measured by a high-resolution optical
emission spectroscopy and the correlation between the ion
temperature and fluctuations excited in the plasma was
examined, in detail.
It was found that when the multicusped fields are
superimposed on the mirror fields, the ion temperature
decreases from 0.17 eV to 0.06 eV. The dependence of the
ion temperature on the incident microwave power was also
examined. Increasing the microwave power from 2.0 to 2.5
kW, the ion temperature increased from 0.1 eV to 0.8 eV
while the electron temperature did not change. The
amplitude of the floating potential fluctuation also increased
with an increase in the incident microwave power. Thus, it
was found that the ion temperature is correlated with the
fluctuation amplitudes.
Furthermore, the properties of the fluctuations were
investigated using a digital oscilloscope. It was fOlmd that
the phase difference between the ion saturation ClllTent and
the floating potential fluctuations is 180 degree and the
amplitude and the phase of the fluctuations are uniform
along the magnetic lines of force. These results agree with
the characteristic ofthe flute instability. Thus, it is concluded
that observed fluctuations were excited by the flute
instability. Furthermore it was found that in the microwave
power lower than 1kW, the fluctuations became chaotic and
when the multicusped fields were applied, the state transited
to periodic.
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